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Comment on semi-classical approaches to giant magnetoresistance
in magnetic multilayers
The semi-classical approaches to giant magnetoresistance observed in magnetic multilayers
originated from Camley and Barna´s [1][2] achieved success. I point out here some issues worthy
noticing.
The spin state of one electron can be expressed as a linear superposition of a complete
orthonormal set of eigenstates, the up and down states along a spin quantization axis, |ψ >=
c↑| ↑> +c↓| ↓> with |c↑|
2 + |c↓|
2 = 1 . For stationary state, |c↑|
2 and |c↓|
2 are independent of
time. Equivalently, the system of many electrons can be described by that there are |c↑|
2 in up
state and |c↓|
2 in down state. The distribution function may be divided consequently into two
parts by multiplying |c↑|
2 and |c↓|
2. This was actually what Refs. [1] and [2] did.
Alternatively |ψ > can also be superposed by another complete orthonormal set, |ψ >=
c′↑| ↑
′> +c′↓| ↓
′>. If the solid angle between the latter and the former quantization axes is (θ, φ),
we have
| ↑′>= cos(θ/2) exp(−iφ/2)| ↑> + sin(θ/2) exp(iφ/2)| ↓>, (1)
| ↓′>= sin(θ/2) exp(−iφ/2)| ↑> − cos(θ/2) exp(iφ/2)| ↓> . (2)
The expansion coefficients are related by
c↑ = c
′
↑ cos(θ/2) exp(−iφ/2) + c
′
↓ sin(θ/2) exp(−iφ/2), (3)
c↓ = c
′
↑ sin(θ/2) exp(iφ/2)− c
′
↓ cos(θ/2) exp(iφ/2). (4)
Therefore
|c↑|
2 = cos2(θ/2)|c′↑|
2 + sin2(θ/2)|c′↓|
2 +Re[(c′↑)
∗c′↓] sin θ, (5)
|c↓|
2 = sin2(θ/2)|c′↑|
2 + cos2(θ/2)|c′↓|
2 − Re[(c′↑)
∗c′↓] sin θ, (6)
1
Camley and Barna´s introduced a fictitious plane in the nonmagnetic layer where the quan-
tization axis changes from the magnetization of one ferromagnetic layer to another, this is
nothing but that decompose there the spin state of one electron in two different complete or-
thonormal sets. Comparing with Eqs. (5) and (6) above, we see that the last terms, that of
interference were lost in Refs. [1] and [2]. The Eqs. (9) to (12) in Ref. [1] or Eqs. (6) to (9) in
Ref.[2] are wrong for a general θ. Fortunately and accidently, when and only when θ = 0 or
pi, the interference terms disappear hence Eqs. (5) and (6) simplify to |c↑|
2 = |c′↑|
2 and |c↓|
2 =
|c↓|
2 if θ = 0 while |c↑|
2 = |c′↓|
2 and |c↓|
2 = |c′↑|
2 if θ = pi. This is why one can only consider
the correspondences between majority and minority spins and up and down spins [3].
The configuration with a general angle between neighboring magnetization is possible, as
seen from the gradual change of magnetoresistance when the external magnetic field was along
the hard axis in the experiment by Binasch et al. [4]. This is beyond the capability of semiclas-
sical approaches dealing only distrubution function since the interference terms do not vanish
generally. This can be addressed by quantum approach with the consideration here taken into
account [5].
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